Introduction
Diabetic kidney disease (DKD) is one of the most common microvascular complications of diabetes which results in end-stage renal disease, as reported by 2015 USRDS Annual Data. It was estimated that 20%-40% of patients with type 2 diabetes mellitus (T2DM) will develop a moderate or severe impairment of renal function.
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Zhang et al A new classification for chronic kidney disease (CKD) categorized by the stages of estimated glomerular filtration rate (eGFR) and urine albumin excretion rate (AER) was proposed by Kidney Disease Improving Global Outcomes, 3 which recommends all patients with diabetes should be screened using eGFR and AER.
In a cross-sectional study, 20% patients with advanced renal insufficiency had normoalbuminuria, and these patients also had a higher risk of CVD. 4 On the contrary, another study showed that the outcomes of CVD were not significantly different between diabetic patients with macroalbuminuria and normoalbuminuria. 5 As the abovementioned studies are cross-sectional in nature, prospective studies are needed to investigate the long-term prognosis of diabetic patients' renal function and cardiovascular outcomes.
In this study, the effects of AER and eGFR on outcomes of CVD were analyzed in a population of T2DM patients after multifactorial intervention. We aimed to assess the predictive values of the AER and eGFR for cardiovascular outcomes in type 2 diabetes, using the data from a largescale prospective cohort study -the Beijing Communities Diabetes Study (BCDS) .
Methods initial study population
The details of the BCDS study have been published previously. 6 For the present study, briefly, 1,914 T2DM 
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The effects of aeR and egFR on outcomes of CVD in patients and lipids, which were measured by a central endocrinology laboratory in Beijing Tongren Hospital. AER, which was performed via a centralized 8-hour overnight urine collection, and was measured by chemiluminescence assay (IMMULITE 1000, Siemens, Munich, Germany). To confirm the accuracy of the results in large cohort study, the detection methods for AER in this study are the same, and more than 2 tests were performed for each patient. All the instruments and inspections were unified. Data containing nonstandardized tests were removed.
After blood sampling, all patients underwent a resting 12-lead electrocardiogram. Angina pectoris and/or .0.1 mV ST segment deviation during a treadmill maximal exercise stress test were recorded. Nonstereoscopic photographs of the central fundus were taken for all eyes.
According to the new classification of CKD, the albuminuria category was classified using 2 of 3 samples at baseline being in the stages AER ,30 mg/d (,30 mg/d, normo-albuminuria), AER $30 and ,300 mg/d ($30 and ,300 mg/d, micro-albuminuria), and AER $300 mg/d ($300 mg/d, overt nephropathy). eGFR was estimated using the modification of diet in renal disease (MDRD) formula developed by China's eGFR cooperative group in 2006. 8 The mean of 2 consecutive measures of eGFR was calculated at baseline for each patient. CKD stages were classified by 3 categories based on albuminuria and eGFR levels: AER ,30, 30-,300 and $300 mg/d; and eGFR $90, 60-89, and ,60 mL/min/1.73 m 2 . In this study, AER ,30 mg/d and eGFR $90 mL/min/1.73 m 2 was defined as "no CKD."
Follow-up and outcomes
More than 200 general practitioners participated in this ongoing prospective study. Training courses were held before starting the intervention to standardize the protocol, methodology, and quality control. The patients were regularly monitored by their family doctors on a one-to-one basis during the follow-up period. The doctors in the community were systematically educated by professors of endocrinology that come from a top-tier hospital. All the patients received multifactorial treatment: a stepwise implementation of diet control, behavior modification, and the optimum management strategy that targeted hyperglycemia, hypertension, and dyslipidemia. All the metabolic variables were detected, and the early detection and intervention of complications were carried out. A major focus on comprehensive cardiovascular risk reduction includes blood glucose, blood pressure, and lipid profiles. Monitoring approaches were as following: patients were examined at clinic visits every 3 months; HbA1c, AER, and serum lipid profile were measured every half a year; electrocardiogram and eye examination were done every 6-12 months. Treatment goals recommended by the Chinese guidelines for prevention and treatment of T2DM were HbA1c ,7.0%, BP ,140/80 mmHg, and low-density lipoprotein-cholesterol ,2.6 mmol/L (100 mg/dL).
In this study, cardiovascular events were defined as first nonfatal or fatal cardiovascular events, including myocardial infarction, unstable angina pectoris, heart failure hospitalization, coronary bypass, percutaneous transluminal coronary angioplasty, and stent implantation. The occurrence of composite outcome including macrovascular complications (such as myocardial infarction, heart failure, cerebral infarction, and stroke), newly diagnosed microalbuminuria, aggravation of diabetic nephropathy (clinical grade proteinuria, a 2-fold increase in plasma creatinine, or renal replacement therapy), and malignant tumors were recorded. 9 An independent endpoint adjudication committee assessed all potential endpoints and classified them. Especially, progression and regression of albuminuria and eGFR stage during the follow-up were recorded. Both AER and eGFR were measured twice a year.
statistical analysis
The BCDS database was set up using EpiData 3.0 software (The EpiData Association, Odense, Denmark). Statistical analysis was performed using SAS ® software (version 9.0, SAS Institute Inc., Cary, NC, USA). The results were expressed as means ± SD or medians and interquartile range (Q1, Q3). The analysis of variance and χ 2 test were used to compare continuous and categorical variables, respectively. Kaplan-Meier estimates of the risk for the final clinical endpoints were made. Cox regression analyses were performed to estimate risk factors influenced events of CVD events and composite endpoints. All tests were 2-sided, and the level of significance was established as P,0.05.
Results
Baseline characteristics
The clinical and anthropometric characteristics of the study group stratified by albuminuria stage are shown in Table 1 . In this study, the mean age and body mass index of all patients were 66.4±10.1 years and 25.5±3.5 kg/m 2 , respectively, and the duration of illness was 5.7-17.8 years. The proportion of hypertensive patients, smokers, and those taking rennin-angiotensin system (RAS) inhibitors were 71.11%, 16.84%, and 14%.
According to staging by albuminuria, patients with advanced stages showed increased age, fasting blood glucose, HbA1c, systolic BP, total cholesterol, triglyceride, and uric acid levels (Table 2 ). The proportion of those taking renin-angiotensinaldosterone system (RAAS) blockade drugs in the normal albuminuria group, microalbuminuria group, and overt nephropathy group was 71.64%, 21.27%, and 7.09%, respectively. There were significant differences among the 3 groups (P,0.05).
all-cause endpoint events after 96-months follow-up
During a median follow-up of 6.8 years, 327 events occurred, including 71 CVD events (3.7%) and 256 composite endpoints (13.4%). The incidence rates of CVD were 2.94%, 5.49%, and 12.86% in the normoalbuminuria group, microalbuminuria group, and overt nephropathy group, respectively. There were significant differences among the 3 groups (P,0.001). The incidence rates of CVD and composite endpoints increased with progression of albuminuria stage and eGFR stage. In particular, there was high incidence rates in those with albuminuria stages .300 mg/d plus coexisting eGFR of 60-89 or ,60 mL/min/1.73 m 2 .
Correlation of cardiovascular events and metabolic variables stratified by CKD stage
In the multivariate Cox hazards model analysis, after adjustment for cardiovascular risk factor, smoking, and RAS inhibition, the risk for CVD and composite endpoints 
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The effects of aeR and egFR on outcomes of CVD in patients stratified by CKD stage was evaluated ( Table 3 ). The hazard ratios (HRs) were significantly higher for patients with albuminuria .300 mg/d in both CVD events and composite endpoints (P,0.05). However, the HR was not affected by eGFR stages in both CVD events and composite endpoints (Figure 2) . In this study, higher fasting blood glucose and HbA1c increased the risk of CKD and proteinuria, but did not increase the risk of CVD (Figure 3 ). There was no significant difference in the incidence rates of CVD between patients who took RAAS blockade drugs when compared with those who did not (P.0.05).
The potential confounding factors for CKD progression
Patients who progressed to advanced albuminuria stages No differences were found in the outcomes of CVD events and composite endpoints among patients with and without changes in albuminuria stages. 
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Profile changes of the stages by albuminuria and egFR
The proportions of patients during the follow-up are shown by the CKD categories in Table 2 . During the follow-up, the mean levels of urinary albumin excretion at baseline were 10.7, 85.3 and 2,040 mg/d in patients who remained in the normoalbuminuria, microalbuminuria and overt nephropathy groups, respectively. With the increase of AER, the patients were more likely to progress to advanced DKD stage. Of note, 8.7% patients with microalbuminuria and 1.8% patients with overt nephropathy reversed to normoalbuminuria or microalbuminuria.
Figure 2 incidence and adjusted hR for CVD in type 2 diabetic patients during CKD progression.
Notes: The HRs were significantly higher for patients with albuminuria $300 mg/d in both CVD events and composite endpoints (P,0.05). however, the hR was not affected by egFR stages in both CVD events and composite endpoints. Abbreviations: AER, urine albumin excretion rate; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio. 
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The effects of aeR and egFR on outcomes of CVD in patients Discussion CKD, defined by reduced GFR or presence of markers for kidney damage, has become a severe global health problem. 10 The incidence of CKD is rapidly increasing due to the rising prevalence of T2DM and obesity.
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In patients with T2DM, well-documented risk factors for CKD include age, obesity, fasting glucose, and hypertension. In the present study, T2DM patients with CKD showed poor control of blood pressure, blood glucose, and lipids profiles, and were overweight. Higher fasting blood glucose and HbA1c increased the risk of CKD and proteinuria. In addition, most patients with CKD were more than 60 years old and had a history of smoking and hypertension. Hypertension is regarded as the leading risk factor for the development and progression of CKD in diabetic individuals. 12 In this study, after adjustment, systolic BP, age, and duration of diabetes were shown to be the strongest risk factors of CKD during follow-up.
The kidney failure risk equations are widely used in electronic applications, with some initial validation in other countries and health care systems. [13] [14] [15] The early sign of kidney damage was defined as increased level of urinary albumin excretion, and persistent albuminuria was identified as AER $30 mg/d lasting for more than 3 months. 3 Recent studies demonstrated that renal prognosis is closely associated with reduced eGFR and increased AER. 16, 17 BCDS is an ongoing prospective investigation of the effects of multifactorial intervention on the development of disease complications in T2DM patients living in urban communities in Beijing. This is the first time AER and eGFR were compared for outcomes of CVD in T2DM in a large sample which has been followed up for such a long time in People's Republic of China. As an index to evaluate kidney disease, urinary albumin-to-creatinine ratio (ACR) was always detected once in the urine. In this study, the albuminuria was detected by AER at baseline using 2 of 3 samples, and the stability was better than that of ACR.
The novelty of this study is that both AER and eGFR were used simultaneously to assess renal impairment indicators in BCDS. Theoretically, AER is a more direct marker for kidney damage, while eGFR may play an important role in screening.
The association of increased albuminuria with both allcause mortality and cardiovascular mortality in the general population has been described in the analyses of the CKD Prognosis Consortium. 16 But the nature of this link remains controversial and poorly understood. Its presence alone sometimes does not indicate established kidney disease. 18 Meanwhile, the associations among microalbuminuria, eGFR, and CVD incidence need to be examined in prospective, population-based studies. 19 Our results showed that CVD outcomes were highly correlated with stages of albuminuria even after adjustment of multiple factors, which was similar to the previous reports. 20, 21 In addition, the outcomes of CVD in our study were relatively lower than previously reported, which is possibly due to our multifactorial intervention approaches for CVD prevention. 22, 23 Unlike albuminuria, we found CVD outcomes were not totally parallel with eGFR. Patients with eGFR .90 mL/min/1.73 m 2 had even higher CVD HR than those with GFR of 60-89 or ,60 mL/min/1.73 m 2 . A possible explanation is that albuminuria is not only a marker of diabetic nephropathy but also reflects a generalized abnormality of vascular function. 24, 25 Therefore, albuminuria may have a cause and effect relationship with CVD, whereas eGFR has no direct effect on CVD and can be affected by other confounding variables in T2DM, eg, blood pressure and smoking. To support this hypothesis, a previous study showed that patients who developed CVD had higher levels of baseline AER, even within the normoalbuminuric range. 26 As is well known, intensive multifactorial interventions are effective in reducing cardiovascular risk in patients with microalbuminuria and diabetes or hypertension. 27 In this study, we did not find a clear connection between blood glucose and the risk of CVD, which partly reflects the effectiveness of the multifactorial intervention in this study.
So far, only a few studies have examined the transition in different stages of diabetic nephropathy. 28 In the present study, all patients received multifactorial treatment and regular monitoring as mentioned. It has been suggested that diabetic nephropathy at early stage might be reversible. We found 8.7% patients with microalbuminuria (n=166) and 1.8% patients with overt nephropathy (n=34) reversing to normoalbuminuria or microalbuminuria. This cohort study provided clinically interesting evidence that reducing albuminuria is possible even in patients with eGFR ,60 mL/min/1.73 m 2 . In BCDS, patients with diabetic nephropathy can be reversed in some degree by multifactorial management, which has a protective effect on kidney. Even if the patient progresses to overt nephropathy, it can also be reversed to microalbuminuria. There seems to be a certain reversion cut-off point in different populations, not only simply dependent on the classic staging criteria in diabetic nephropathy.
Taken together, this study led to 2 major findings. First, AER is a more sensitive predictor for CVD than eGFR in patients with diabetes. AER is a more direct marker for kidney damage, while eGFR may play an important role in screening. Second, diabetic nephropathy can be reversed even in advanced AER stage. Multifactorial intervention is very important for the prevention of CVD outcomes and DKD progression. AER as a sensitive indicator of CVD risk should be monitored once or twice a year for progression to macroalbuminuria and CKD development, even if blood pressure, plasma glucose, and lipids profiles are in target control.
study limitations
This subanalysis has a few limitations in addition to those reported in the BCDS study. Because the present study was a subanalysis of the BCDS trial, the number of patients and number of events was lower than in the main study. Therefore, the present study is much more underpowered for observing the effects of DKD progression and CVD outcomes based on detection of AER or eGFR. In addition, the dropout rate was relatively high, which may produce bias. Because of the nature of making several subgroups, significant results should be interpreted with the caution of potential α error. As a study of specific populations, it can be seen as a pilot study of these particular ethnic groups. Research needs to be carried out in populations in other regions to support it.
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